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I Government is nothing but the balance of
the natural elements of a country.
Jose Marti, OurAmerica, 1891
Predicting Heat Worldwide
An international team of climate experts,
health officials, and meteorology agencies
sponsored by the United Nations
Environment Programme (UNEP) are
joining forces to install heat health watch
and warning systems worldwide. The sys-
tems, based on a University of Delaware
(UD) computer program, are already oper-
ating in Philadelphia, Pennsylvania, and
Washington, DC. Over the next several
years, similar systems will be installed over-
seas in Rome and Shanghai to provide
health officials with up to 60 hours'
advance warning ofdangerously hot weath-
er, says Laurence S. Kalkstein, director of
UD's Synoptic Climatology Center.
Plans for the Italian warning system
were discussed over 1-2 Februaryl999,
when Kalkstein met in Rome with repre-
sentatives from Italy's Lazio Health
Authority, the World Meteorological
Organization, the World Health Organiza-
tion, and the Italian Meteorological
Service. The meeting followed a 28 January
1999 announcement by the American
Geophysical Union concerning climate
change and greenhouse gases. While cli-
mate researchers are still struggling to
address "significant scientific uncertainties
regarding climate change" the union said in
an official position statement, it recom-
mends "the development and evaluation of
strategies such as emissions reduction, car-
bon sequestration, and adaptation to the
impacts ofclimate change."
In the meantime, Kalkstein and other
participants at the February meeting con-
tend that heat warning systems are crucial
for a number ofreasons. Heat claims some
1,500-2,000 lives every summer in the
United States alone. Around the world,
Kalkstein says, the heat-related death toll
may be much higher, particularly in devel-
oping nations where air-conditioning is
scarce. And, he says, stifling heat may indi-
rectly trigger many more deaths resulting
from heart attacks, strokes, and other med-
ical conditions.
Moreover, the U.S. Environmental
Protection Agency (EPA) has reported that
global temperatures are rising as the burn-
ing of fossil fuels and other human activi-
ties add greenhouse gases to the atmos-
phere. Specifically, EPA data suggest that
the average land-surface temperature on
Earth has increased by 0.4-0.60C
(0.8-1.0°F) over the last century. If tem-
peratures rise by several degrees in the 21st
century, as some scientists have predicted,
heat could cause additional deaths, "espe-
cially among children, senior citizens, any-
one in poor health, and those in high-risk
neighborhoods, where heat-trapping homes
make people more vulnerable to very hot
weather conditions," Kalkstein says.
Regardless of global warming, ongoing
weather events such as El Ninlo routinely
produce unhealthy heat levels, says Tanja
Cegnar, head of climatology at the
Hydrometeorological Institute of Slovenia
in Ljubljana. "The current variability of
climate and the intensity ofheat in large,
urbanized areas point to the need for this
heat-warning technology," she says.
Hot weather also can contribute to
health risks associated with harmful
ozone levels, such as asthma and car-
diovascular illnesses, and it can pro-
mote the spread of diseases such as
malaria and dengue fever, says UNEP
representative Hiremagalur Gopalan.
Initially sponsored by the EPA,
the Philadelphia system analyzes
National Weather Service forecasting
data, cross-referencing it with the city's
historic mortality rates as well as with
meteorological variables including tem-
perature, humidity, and cloud cover. In
other words, explains Jonathan Samet, a
professor in and chairman of the
Department ofEpidemiology at the Johns
Hopkins University School ofHygiene and
Public Health in Baltimore, Maryland, the
software "builds from a statistical model
describing the relationship between weather
and mortality."
Robert A. Muller, director emeritus of
the Southern Regional Climate Center at
Louisiana State University in Baton
Rouge, supports the new technolo-
gy as an improvement on tradi-
tional methods of assessing haz-
ardous heat. Historically, weather
warnings have been based on a heat
index. The problem with this approach,
Muller says, is that you could have, for
example, a high heat index every day, all
summer long, in Louisiana, but only
rarely in Philadelphia or Baltimore- ,
and those fewer hot days may be more
hazardous to the latter populations. X
Shorter runs of high temperatures in
northern regions, he explains, will have a
greater health impact than a long run of
verywarm, humid temperatures in southern
climates because warm-weather residents
and structures are adjusted to the heat.
In a January 1997 EHP article,
Kalkstein reported that acclimatization by
people and structural variations from city
to city may explain why heat claims more
lives in New York City than in Phoenix.
For example, says Kalkstein, people in hot-
ter areas are accustomed to the heat and
adjust their behavior (e.g., by staying
indoors, wearing lighter clothing), whereas
in colder climes, when extreme heat occurs
A change in the weather. New research may
help in the prediction of the effects of climate
and weather changes on human health and the
environment, including increases in infectious
diseases, effects on ecosystems, and human
mortality rates.
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people may not modify their behavior to
accommodate it. Also, homes in the
Northeast, particularly in poorer areas that
may lack air-conditioning, are red brick
row houses with windows on only two
sides and tar roofs, all ofwhich trap heat.
In contrast, in the South poorer people
often live in frame houses with light col-
ored roofs and windows on four sides,
which helps mitigate the heat. The total
number of "excess" deaths (above what
would normally occur) in a given summer
in Philadelphia
was calculated by
Kalkstein to be 129,
versus 0 for Miami [EHP
105(1)84-93]. Kalkstein says
that each city has a particular heat
threshold above which the number of
deaths begin to rise. A key benefit of the
UD system is that it is customized to
reflect agiven city's response to heat waves.
Jeff Moran, a spokesperson for the
Philadelphia Department of Public Health,
sash ha wrib;ngstesemtob wokn_ o isct.Issccs,h as
relies on Philadelphia's framework for
responding to hazardous weather condi-
tions. Whenever the system predicts a heat
wave, he explains, Philadelphia officials dis-
tribute media advisories, activate telephone
hotlines, alert neighborhood volunteers,
open air-conditioned shelters, expand out-
reach to the homeless, and coordinate
efforts with local utilities or take other
actions, depending on the level ofrisk pre-
dicted. "The information [generated by the
computer program] is no good unless you
have channels of communication in place
so that you can act on a warning once you
have it," he says.
Lawrence Robinson, deputy health
commissioner for public health promotion
at the Philadelphia Department of Public
Health, says, "Putting into place an emer-
gency response program involving a large
number ofagencies and individuals requires
a rapid shift of personnel and resources.
The UD system allows us to launch these
special services exactly when they are need-
ed to save lives."
Says Samet, "Implementation of the
[UD] warning system in several areas can
serve two purposes: we gain a prospective
test of the system, and refinements can be
made based on the findings." The systems,
therefore, are "a first step in predicting days
that may kill, and taking steps to prevent
this from happening," he adds. Kalkstein
estimates the cost of developing and
installing the Italian heatwarning system to
be between $50,000 and $75,000.
Climate-controlled Disease?
According to a report issued by the
American Academy of Microbiology, feel-
ing "under the weather" may be a more lit-
eral circumstance than it seems. The report,
entitled Climate, Infectious Disease and
Health: An Interdisciplinary Perspective, is
based on the findings ofan academy collo-
quium held 20-22 June 1997 in Montego
Bay, Jamaica. The colloquium was attended
by researchers, professors, and representa-
tives from diverse public health and govern-
ment agencies who reviewed the current
state ofthe knowledge ofthe effects ofcli-
mate andweather change on human health,
and developed recommnendations for a
future plan ofaction.
According to the World Health
Organization's World Health Report 1998,
infectious diseases killed more than 17 mil-
lion people in 1997. Climate can influence
the occurrence of infectious diseases in a
number ofways, through temperature, pre-
cipitation, wind and ocean currents, and El
Ninlo-Southern Oscillation (ENSO) seque-
lae. Colloquium co-chair Jonathan A. Patz,
director of the Program on Health Effects
of Global Environmental Change in the
Department of Environmental Health
Sciences at the Johns Hopkins School of
Public Health, notes, however, that the
interaction of climatic variables can be
complex and unpredictable. "Predicted
change in disease risk or transmission is not
simple," he says. "Multiple factors must be
considered."
Climate and weather conditions affect
vectorborne diseases by influencing the
reproductive success of the vectors that
spread the diseases, and by altering the
incubation period of certain mosquito-
borne viruses. For example, warmer tem-
peratures shorten the time needed for the
virus responsible for dengue fever to
become activated within its mosquito host.
On the other hand, hot temperatures can
also reduce the survival of mosquitoes and
ticks. Warmer conditions also correlate
with increased populations of some
microorganisms that cause waterborne dis-
eases, such as the Vibrio choleraebacterium,
which causes cholera. In addition, rainfall
and flooding (which result in the watery
habitats optimal for certain disease vectors
and microorganisms) and runoff (which
can transport pathogens from the feces of
infected pasture animals) may also cause
increased transmission of diseases among
humans. Higher ambient temperatures fos-
ter the growth of pathogens that thrive in
or on food, such as Salmonella. Some air-
borne diseases are believed to be affected by
climate and weather conditions, as evi-
denced by their seasonal nature. For exam-
ple, meningococcal meningitis (spinal
meningitis) occurs in sub-Saharan Africa
most frequently during the dry season from
December through June, and subsides
markedly during the rainy season.
While much may be known about indi-
vidual diseases, colloquium participants
agreed that there are serious knowledge
gaps in understanding the complex rela-
tionship between weather, climate, and
infectious disease. The report suggests three
improvements to remedy these gaps.
First, data collection methods must be
improved. Morbidity and mortality data-
gathering methods around the world are far
from standardized and may vary widely in
reliability from region to region. The report
suggests measuring genetic markers ofpar-
ticular microorganisms as a way to trace a
pathogen through the ecosystem, and
studying the influence of microenviron-
ments (such as occur in underground storm
drains and houses) on vector survival rates.
The report points to the ENSO
Experiment as an example of effective
cross-disciplinary collaboration. The ENSO
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